INTRODUCTION
Relative to the bariatric/metabolic surgical technique employed, morbidly obese patients may experience long-term side effects that negatively influence their metabolism and quality of life; these include vomiting, diarrhea, osteoporosis, anemia, and malnutrition. Bariatric surgeons have long sought an operation that results in: steady weight loss that approaches the patient's goal weight between 12 and 18 months; technical simplicity with only moderate risk with laparoscopy; freedom to consume most foods with reduced hunger and early satiety; and nutritional sufficiency, requiring no supplementation.
In our institute we have performed bariatric surgery for 32 years. During this time, we have operated with different techniques, both gastric restrictive and malabsorptive, on 2,419 morbidy obese and super-obese patients [1] [2] [3] [4] [5] [6] , with an average of 103 patients each year from 1988 through 2009. During the last 6 years, we have increasingly performed the Long Magenstrasse with pyloroplasty as functional Gastric Bypass (briefly LMGBP) (Figure 1) , an operation comprised of 2 outmoded surgical techniques augmented for use in combination in the LMGBP. The Magenstrasse and Mill (M&M) procedure [7] [8] [9] originated in 1987 by Johnston et al., in which a vertical gastric tunnel (the "magenstrasse," or street of the stomach) is created from the angle of His to the antral mill (the "mill") 6 cm from the pylorus, is extended in the "Long Magenstrasse" to 3 cm from the pylorus [10] . A pyloroplasty pneumatic or digitoclassic completes the LMGBP.
Our choice to continue performing the LMGBP has been reinforced by the good results obtained to date, the relative simplicity of this technique, and patient satisfaction with an improved quality of life. In comparison with the Roux-en-Y gastric bypass (RYGB) technique, the LMGBP is performed only on the stomach and involves no anastomosis to the small intestine, minimizing time in the operating room and surgical risk. Compared to the sleeve gastrectomy (SG) technique, the LMGBP requires no destruction of tissues, and no formation of a distal gastric pouch, thus, reducing the probability of progressive pouch dilatation with could need to be correct with duodenal swich procedure.
This study aimed to confirm, after more than 300 LMGBP operations on morbidly obese and super-obese patients, what we optimistically observed after the first 34 operations [10] : that safe and effective weight loss could be achieved with the LMGBP in concert with excellent reduction or resolution of the comorbidities of obesity, few and mild complications in the perioperative period and long term, and an improved quality of life for patients.
MATERIALS AND METHODS

Patients
Between October 2003 and October 2009, 308 morbidly obese and super-obese patients were operated with the LMGBP technique (14 to rectify failed gastric restrictive operations). In a population comprised of 72% females, patients' mean preoperative body mass index (BMI, kg/m 2 ) was 45 and their mean age was 39 years. Seventeen percent of the 308 patients before surgery had glycemia ≥ 125 mg/dl: Five percent (15 patients) had type 2 diabetes mellitus (T2DM) by standard criteria [12] [13] [14] under oral treatment, 1% (3 patients) had type 1 diabetes under insulin treatment, and the remaining 11% (35 patients) had glycemia that fluctuated between 125 mg/dl and 150 mg/dl, not under any pharmacologic treatment. During the first year of our experience we excluded as a precaution the overt T2DM patients, for whom we believed another kind of operation was preferable. Thus, for this group, pertinent data are available only for the last 5 years.
Forty-three percent of all patients had obstructive sleep apnea, 38% hyperlipidemia, 12% hyperuricemia, and 58% arterial hypertension under treatment. All patients underwent presurgical internal screening. Fortyfive percent of patients could not progress directly to bariatric surgery, requiring prior pneumologic-metabolic rehabilitation for a period of 6 months to 1 year, sometimes with intermittent hospitalization and use of a continous positive airway pressure (C-PAP) machine.
Surgical Technique
The technical features of this operation are the ones described in our 2007 study [10] ; we summarize them here, as this procedure has not been widely performed.
The LMGBP is initiated with the performance of a pyloroplasty. We carried out the pyloroplasty using a variety of access techniques. In the 74 hand-assisted laparoscopy (HALS) cases and 149 open operations performed with median paraxiphoid or left sub costal mini-laparotomy, a digitoclassic approach (i.e., application of external pressure to interrupt the pyloric muscle by manipulating it between the thumb and index finger) [15, 20] was used to effect the pyloroplasty. In the 85 laparoscopic cases, a pneumatic endoscopic approach (i.e., pyloric dilatation balloon introduced through the gastroscope and inflated up to 2 cm in diameter with an internal pressure of 6 atmospheres) was employed generally on the day before the surgical procedure. With this approach you must use a balloon with uniform dilatation without clepsydra effect.
A 36-Fr. endogastric bougie was introduced to calibrate the Long magenstrasse against the lesser curvature of the stomach. A gastric window was subsequently created beside the bougie approximately 9-10 cm proximal to the pylorus using a 21-mm circular stapler. Gastric division was accomplished first, distally, from the gastric window to 3 cm proximal to the pylorus with Echelon-60 2.0-mm green reloads performing a alimentary way and a secretory way (Figure 1) , and next, proxi-mally, from the window up to the angle of His with 3-4 additional Echelon-60 1.8-mm golden reloads.
The gastric division to the angle of His creates a severance of the left vagus nerve and its innervation of the greater curvature of the stomach. This, in essence, constitutes a partial vagotomy.
Experiences and Specific Remarks to
Make the Carrying Out of the Operating Procedure 'Long Magenstrasse' Simpler.
1)
In the open technique the patient should be placed on the operating table in anti-trendelemburg position, almost in orthostatic.
2) For a better surgical field and a smaller percentage of after surgery laparocele (from 6% to 2 %), it is preferable in open surgery to use a left sub-costal laparotomy with section of the rectus muscle instead of the median xipho-umbilical.
3) In the H.A.L.S. for the introduction of the hand we carry out a right sub-costal laparotomy of 6-7 cm and three left accesses with two trocars of 10-12 mm and one of 15 mm through which, removing momentarily the trocar, the 21 circular enters for the making of the gastric antrum window at 10 cm from the pylorus. 4) In video laparoscopy five accesses are necessary with two troncars of 5 mm, two of 10-12 mm and one of 15 mm.
PS: If you consider it opportune we can send you the video tapes of the H.A.L.S. technique (3) and of the video laparoscopy (4).
RESULTS
Weight Loss and Comorbidity Resolution
The best weight-loss results were seen in the 256 patients with a mean initial BMI of 45 and normal presurgical glycemia. These patients' BMI dropped under 30 (range 26-30) after 1 year with a sustained effect at 3 and 5 years in those individuals available for follow-up (Figure 2) . In the 53 patients with presurgical hyperglycemia ( ≥ 125 mg/dl), 21 cases at 1 year and 9 cases at 3 years had a mean BMI of 32 and 32.5, respectively (Figure 3) . All 35 patients with glycemia between 125 mg/dl and 150 mg/dl not under treatment and the 15 patients with overt T2DM experienced normalization of their glycemia and were able to suspend therapy completely within 6 months of the operation. The value of HbA1c in those 15 patients within 6 months of the operation have stabilized at the mean of 5.8 %. The 3 patients with type 1 diabetes were able to halve their insulin dose within 6 months of surgery ( Table 1) .
The effects on other comorbidities 1 year after surgery included complete resolution in 90% of patients of sleep apnea syndrome, in 68% of those with arterial hypertension, in 93% of those with hyperlipidemia, in 91% with hyperuricemia ( Table 2) , and in 100% of those with oligo-amenorrhea.
Nutrition
At 1-, 3-, and 5-year time points, no substantive metabolic-nutritional sequelae, such as anemia, bone disease, or peptic ulceration, were observed. Iron, calcium, proteins, vitamin B 12 , and folates remained consistently in the normal range ( Table 2) , despite patient reports of decreased appetite, rapid satiety, and limitation of food intake. There was also no increase in parathormone at 1, 3, and 5 years following surgery. There has been no need for mineral or vitamin supplementation in any patient.
Mortality and Morbidity
There have been no mortalities within the series of LMGBP patients over the course of our 6-year experience. No postoperative nasogastric tube was used following the LMGBP procedures. Only 12 patients required a subhepatic drain.
Two perisurgical complications occurred. The first complication was a 2-3-cm dehiscence of the suture in the antrum in 1 of the first operated cases. This patient required reoperation on postoperative day 4 to incorporate a manual suture. (Initially, we used a green 45-mm endoscopic stapler with a double line of staples; today, mechanical suturers with 3 lines of staples are more reliable, even at the antral level, where the gastric wall is thicker.) The second complication was in a patient with an increasingly severe stenosis of the Long Magenstrasse (alimentary way) at the third distal that required a latero-lateral anastomosis with the gastric antrum (secretory way) on day 7, transforming the operation into a M&M. In the immediate post-surgical period, the patient had 20% atelectasis at the base of the lungs with moderate hyperthermia; this was resolved on day 3-4 by means of antibiotic therapy and respiratory care. There was no thrombophlebitis or pulmonary embolism, probably owing to the short length of the operation (about 1 hour), early ambulation to void in the afternoon, and heparin prophylaxis. We had 1 complication at 1 year, due to insufficient digitoclassic pyloroplasty. In this patient, we had to perform a surgical pyloroplasty. Finally, our rate of ventral hernia in the "open" operations was 9%.
DISCUSSION
A BMI reduction from 45 to approximately 30 at 1 year following LMGBP surgery in both normoglycemic and hyperglycemic patients was achieved; this is comparable to the weight reduction attained with other primary bariatric/metabolic procedures. In patients who were available for follow-up, weight loss appeared to be sustained at 3 and 5 years, while established T2DM was resolved (i.e., requiring no medication) in all cases. LMGBP was associated with resolution of 68% to 100% of all other comorbid disease. Significant weight loss with LMGBP, coupled with its moderate surgical risk, very low complication profile, and the satisfaction of patients, suggests a viable advance in bariatric surgical technique. This procedure can be employed to advantage and perhaps may be preferable to the technically more complex RYGBP, which is not without nutritional-metabolic side effects, or the SG [21, 22] , which, though conferring the benefit of restriction without a foreign body, involves tissue destruction and creation of a distal gastric pouch subject to possible dilatation. In its most radical and effective form, the SG is a real sub-total gastrectomy that, in the instance of intercurrent illnesses requiring added nourishment, makes restoration impossible.
The LMGBP technique may not be readily embraced by surgeons due to its incorporation of the pyloroplasty, particularly digitoclassic pyloroplasty, a procedure involving manipulations of the pyloric muscle that are difficult to calibrate and that require the introduction of a hand into the abdomen. Since acquiring the technology to perform endoscopic pneumatic pyloroplasty, independent of the primary surgery, it is no longer necessary to perform pyloroplasty manually. We have had to repeat the pneumatic pyloroplasty procedure in only 3 patients 6 months after the operation.
An effective pyloroplasty is essential for the LMGBP to work. It is the digitoclassic or pneumatic pyloroplasty in an antrum subjected to vagotomy to 3 cm from the pylorus that enables partially digested food to freely pass through the duodenum in a modulated way, without the exaggerated movement induced by some surgical pyloroplasties that can result in the dumping syndrome. A smoother transit of food prevents reflux of the alimentary bolus into the gastric corpus/fundus, effecting a true bypassing of the stomach and reduction of the secretion of ghrelin [23] [24] [25] [26] . Moreover, recent studies seem to show that the increased speed of food transit through the jejunum induces an increased peptide YY (PYY) secretion [27] , an early feeling of satiety, and stimulation of increased secretion of glucagon-like peptide (GLP-1) at the ileal level [13, 28] , lessening insulin resistance. Duo0 denal biliary reflux into the stomach is nonexistent because of the narrowness of alimentary and secretory way wich convly in the prepyloric mill (Figure 1) . One year after the surgery the gastroscopy routine do not show bile o phlogosis in the praepiloric "Mill".
The correct functioning of the LMGBP also relies upon extension of the partial vagotomy from the angle of His to 3 cm from the pylorus. This added length, we believe, secures a dramatic decrease of 60% to 80% in hydrochloric peptic secretion [15] [16] [17] [18] [19] [20] . The small percentage of residual hydrochloric peptic secretion maintains digestive activity, mixing ingested food at the level of the prepyloric mill. Patients report that their interest in food is diminished.
A limitation of this study was its loss to follow-up of a number of patients. In addition, few patients in our series have been followed yet for more than 3 years. Continued study is required on a meaningful number of patients over the long term, the results of which should be compared with those of other primary bariatric/metabolic procedures.
After 6 years of experience performing the LMGBP and following patients, some out to 3 and 5 years, we can confirm that the technique has some very definite assets: For the surgeon, LMGBP is relatively straightforward to perform open or laparoscopically, no foreign bodies need to be introduced, and there is no potentially dilatable gastric pouch. For the anesthetist, LMGBP is an efficient procedure (50-90 minutes), and it rarely requires post-surgical intensive care. For the follow-up team, LMGBP produces a patient who is uncomplicated to care for. And, most important, for the patient, LMGBP is a relatively positive experience; he or she achieves a weight loss that is satisfactory and sustainable with easy food compliance, no observable metabolic and nutritional imbalance, and no need for supplementation [29] .
In conclusion, the patient operated with a LMGBP does not become a formerly morbidly obese patient, but rather, a person whose metabolism functions more like that of a normal-weight individual. This form of functional gastric bypass appears to achieve and maintain weight loss safely without marked nutritional perturbation, and without the psychological and behavioral strain
